Abstract. The Cotumba-Sita-Tǎtaru Sandstones of Teleajen Unit (Upper Aptian -Albian) are relatively well exposed in the Teleajen Valley (Prahova County, Romania), as predominantly thick and massive sandstone beds. Other facies occurring in the study area include sandstones with several sedimentary structures (e.g., parallel lamination, ripples, convolution), siltstones and mudstones. Almost 200 m long outcrop gives great opportunity for sedimentological study focusing on deep-marine facies and interpretation of exposed deposits. A sedimentological study of the facies and stacking patters suggest that these rocks were deposited in relatively shallow depositional channels with levees and interchannel areas.
INTRODUCTION
In recent years, as hydrocarbon exploration moved into increasingly deeper waters, the sedimentology of deep-marine clastic deposits has been the focus of a large number of studies. Sandy turbidites are the most common reservoirs, and therefore they become especially important.
The analysis of deep-marine sedimentary systems often relies on identification of architectural elements (e.g., channels, levees, lobes). An outcrop study plays a key role in the process of the submarine fan descritpion (e.g., Bouma and Stone, 2000) .
The aim of this work is to characterize deposits and depositional environment of Cretaceous sediments in the area of the Teleajen Valley in Romanian Flysch Zone; 4.5 km to the NE from Măneciu-Ungureni (Prahova district; GPS coordinates: 45° 20' 41" N, 25° 57' 11" E). Based on field research and subsequent interpretation, the sediments were described in terms of: 1) individual facies, 2) facies associations, and 3) depositional setting (e.g., channels, levees).
The Eastern Outer Carpathians (Moldavides complex), mainly consisting of Cretaceous and Tertiary flysch and molasse sediments and affected by Tertiary deformation, build a continuous mountain belt convex towards its foreland (Săndulescu, 1975 (Săndulescu, , 1980 (Săndulescu, , 1984 Debelmas et al., 1980) . The Moldavides are the outermost unit of the Romanian Carpathians and represent the major part of East Carpathian Flysch Zone. From the inside part of the belt to the outside, the Moldavides comprise following units: Teleajen (also called "Convolute Flysch"), Macla, Audia, Tarcau, Marginal Folds and Subcarpathian Nappes. These units represent sedimentary allochtonous formations detached from their basement and overthrusted eastward above the foreland (Săndulescu and Dimitrescu, 2004) .
The study area is in the Teleajen Valley, situated in the south-eastern part of central Romania, where sediments of the Teleajen unit crop out (Fig. 1) (Mutihac and Ionesi, 1974; Mutihac, 1990) . This study focuses on the sedimentology of the Cotumba-SitaTǎtaru Sandstones (Fig. 1) . Sandstone beds of this formation are 0.5 m thick in average and can be separated by thin layers of siltstone or sandy mudstone. Coarser material in form of micro-conglomerates and conglomerates is present in 100 m thick layer(s) within this formation. The thickness of whole formation is 400-700 m (Mutihac, 1990) .
GEOLOGICAL SETTINGS

Štrba
Studia UBB Geologia, 2012, 57 (2), 27 -34 Murgeanu et al., 1968; Kováč et al. in Oszczypko, 2004) .
METHODS
Sedimentological description of outcrops in the Teleajen
Valley was the primary data source for this study. Bed thicknesses, sedimentary structures and textures, and lateral extent were recorded for each bed thicker than 1 cm. The total thickness of whole profile is 196 meters. All sediment and bed characteristics were graphically recorded in sedimentary logs.
Subsequent analysis of individual lithofacies recorded during field research and facies associations resulted into the identification of depositional environments in the study area.
There are several approaches to classify and interpret modern and ancient depositional systems. The classification used in this paper is based on the classification of sedimentary successions into hierarchical scheme -elements separated by conspicuous surfaces (Miall, 1985; Mutti and Normark, 1987; Pickering et al., 1995; Stow, 2005) .
SEDIMENTARY FACIES
An alternation of massive sandstones several meters thick with thin-bedded flysch sequences (layers of mostly fine grained sandstone interbedded with mudstone or siltstone layers) is characteristic in the study area (Fig. 2) . General strike is NE -SW and NNE -SSE, average dip is 40°. Bed bases often have flute marks. Measurements indicate general paleoflow direction from WNW to ESE. Eight lithofacies types were described (Table 1) .
Association A1
Association A1 represents thick, predominantly massive and/or normally graded sandstone beds, occasionally with parallel lamination in the upper part of an individual layerfacies S1, S2 (Fig. 3) . Sandstone beds mostly consist of medium to coarse-grained sand, sporadically punctuated by thin mudstone or siltstone interlayers (facies F, C). Granule-sized clasts at the base of beds are common (facies G).
Fine-grained sandstones form thinner beds; alternatively, these sandstones occur in the upper part of thicker beds (normal grading). Average thickness of individual beds in this association is 1 to 3 m. Thicker beds are probably products of amalgamation. In some beds, the amalgamation surface is not clearly visible. In general, thick sandstone beds can be divided into two groups:
-mainly massive sandstone beds, with parallel lamination and cross lamination in the upper part (Fig. 4) ; -normally graded massive sandstone beds with or without mud-clasts and gravel-sized grains at the base of the layer (Figs. 4 and 5). Thin sequences of parallel and ripple cross lamination in massive sandstone upper parts represent parts of the Bouma sequence (Fig. 6 ) formed by turbidity currents (Bouma, 1962; Baas, 2004; Mutti et al., 2009 ).
Facies associations and interpretation
Based on distribution of facies types, three lithofacies associations were differentiated.
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Interpretation
According to Lowe (1982) granule rich layers can form through rapid sedimentation from high-density turbidity currents. The support mechanism was a combination of turbulence and dispersive pressure resulting from grain collisions.
Thick beds of massive (structureless) sandstone can be formed by several processes including freezing, suspension collapse fall-out, and continuous aggradation (Stow & Johansson, 2000) . Vertical accretion of several flows in succession can also result into deposition of massive sandstones (Mulder & Alexander, 2001) . Mud clasts document erosive character of the flow. Parallel lamination in sand can develop under upper or lower flow regime conditions -from currents with relatively high level of turbulence or from lowturbulence currents with relatively slow flow (Stow et al. in Reading, 1996) . Cross-bedding forms through traction and subsequent depostion of transported material under lower flow regime conditions. It indicates deposition from lowdensity turbidity flows.
Occurrence of laminated sediment with hydroplastic character is the prerequisite for formation of the convolution. The convolution forms as the shear force affects the laminated substrate. This sedimentary structure often occurs in the upper part of turbidite sandstones -Tc part of the Bouma sequence (Mutti et al., 2009 ). Fine-grained character of the sediment refers to the relatively calmer conditions of sedimentation which are common during the late phase of deposition form turbidity currents.
Mud deposition is connected to the calm environment that can be represented by the sedimentation form low-density turbidity currents during their final phases. It can also be associated with hemipelagic deposition.
Characteristics
• its occurrence is closely related to the thick sandstone beds
• never occurs within whole bed Studia UBB Geologia, 2012, 57 (2), 27 -34 The small number of whole or partial Bouma sequences and the frequent occurrence of normally graded sandstones with mud clasts and/or granule sized quartz clasts could be interpreted as deposition from high-density turbidity currents (Lowe, 1982; Postma, 1986; Postma et al., 1988) . These currents represent the transition between low-density turbidites and sandy debris flows. Kneller and Branney (1995) discussed the idea of variable flow character through time. Abrupt changes in grain size or alternation of massive and parallel laminated sandstone can be caused by these temporal changes in the current character.
Fig. 3. Detailed logs of individual facial associations. Detail A: facial association A1 (A and B -grain size change within amalgamated thick sandstone bed); Detail B: facial association A3 (A: thin rhythmic alteration of sandstone, siltstone and mudstone beds; geological hammer in yellow circle for scale; B: ichnofossils of Chondrites; C: finegrained sandstone with parallel lamination at the base of the bed with turning to cross-bedding; D: parallel laminated siltstone).
Fig. 4. Features of the Teleajen
Mud clasts are mostly ordered in a bedding-parallel line, located 10 to 15 cm from top of the layer.
Association A2
Association A2 is characterized by the alternation of thin fine sandstone and mudstone or siltstone beds. Occasionally, coarser sandstones are also present. This association mostly includes S1 and S3, lesser S2, S4, and S5. Average thickness of sandstone and mudstone beds is 10 cm and 18 cm respectively, although some mudstone beds reach 60 to 100 cm. Mudstone to sandstone ratio is from 2:1 to 3:1. Beds are sharp-based. Continuous transition from fine sandstone to mudstone was observed in several beds.
Alternation of thin, mostly ripple cross-laminated or convoluted sandstone beds and mudstone beds is typical for the area between distributary channels (overbank sensu Mutti and Normark, 1987) . Similar sediments were described by others authors (e.g., Mutti, 1977; Clifton, 1981; Pickering, 1982; Maejima et al., 2006) .
Association A3
Facies S1, S2, S3, S4, F, and C, mostly as medium thick to thick layers of medium grained sandstone, are characteristic of association A3. The sandstone is often massive or parallel laminated. Individual sandstone beds are deposited directly on each other or they are separated by siltstone or mudstone intercalations. Sandstones are normally graded with coarse-grained sand at the base. Towards to the top of the layer, the sand gradually turns to medium grained, occasionally to fine grained sand. Ripple cross laminated and convoluted sandstones are less common in this association. Other sedimentary features of the association are flute casts and rare shallow scours filled with relatively coarser material. Sporadically, suboval mud clasts (5x7 cm) are present in the basal part of the layers.
Based on the features of this association and its sediment characteristics it can be assumed that prevailing amount of these sediments was deposited in the channel margin and levee area (Mutti and Normark, 1987, 1991; Stow and Mayall, 2000) . Relatively thicker sandstone beds of this association could be deposited during the collapse of a forming levee, when more sand was brought into this area. Bouma, 1962) .
DISCUSSION
The facies associations of the Teleajen Valley were probably deposited on the proximal part of a submarine fan, where distributary channels form. Due to occurrence of amalgamated beds and unclear bed boundaries, it is not possible to specify accurate number of individual channels forming one channel complex. The studied section probably represents three channel complexes (comprising deposits of individual channel thalwegs -association A1) separated by interchannel (association A2) and levee sediments (association A3) (Fig. 7) . The first channel complex is 23 m thick and mainly consists of massive sandstone. After erosion of this channel complex into the underlying thin-layered fine sediments, the deposition started. The channel was filled by medium to coarse-grained sand (and/or possibly by coarser material in its axial part). Common erosional scours reflect the erosive power of the current. This is one of the characteristic features of the channel area.
After this phase, the channel abandonment followed. It is represented by the deposition of the fine-grained interchannel sediments. Thin layers of sandstone, siltstone, and mudstone were deposited during this phase along with intervals of hemipelagic deposition. This resulted in a 38 meters thick sediment succession described as facies association A2 in this paper.
Channel margin and levee sediments, 27 meters thick, belong to the second channel complex and are grouped here in the A3 facies association. Compared with the A1 association, sediments of A3 association are finer, with occasional parallel lamination or ripples.
The most visible channel complex cuts into the channel margin and levee sediments. This complex is 45 m thick. At its base it has amalgamated beds that consist of gravel and medium-grained sand. Towards to upper parts of this complex, sandstone beds with parallel lamination and/or ripple cross lamination at the top of the bed occur. This reflects the decreasing erosive character of the currents that transported the material into the basin.
Abrupt termination of channel sedimentation probably caused by channel abandonment followed the deposition of this 45 m thick channel succession. Deposition of fine sediments (mud, silt, fine sand) with different types of bedding, characteristic for the interchannel area, dominated during this time.
Taking into account bed geometries it can be assumed that individual channels that created the channel complexes were relatively wide and shallow with prevalence of massive sandstone beds. Similar channels have been described from Eocene deposits in Spitzbergen (Plink-Bjöklund et al., 2001) or Upper Paleozoic sediments of the Laingsburg Karoo area (Grecula et al., 2003) . Using the classification of Mutti and Normark (1987) , the deposits exposed in the Teleajen Valley belong to depositional channels.
Erosive power of the currents decreases towards the basin and the channels broaden. The amount of lateral migration of channels depends on the grain size of the transported material (Reading and Richards, 1994; Peakall et al., 2000) . Currents transporting finer material often create levees that increase channel stability. Unconsolidated sandy levees are liable to erosion. This can result into frequent shifting of the channel location and formation of sheet-like amalgamated channel deposits (Grecula et al., 2003) .
CONCLUSION
The identification of the type and distribution of architectural elements of deep-marine system (e.g., channels, levees, lobes) is a very important part in the evaluation process of the whole system because it elucidates not only the evolution but also the geometry and related physical parameters of the system. This identification may affect the subsequent evaluation of the system from different viewpoints.
Based on sedimentological outcrop study and subsequent analysis, the Cotumba-Sita-Tǎtaru Sandstones in the Teleajen Valley consists of 8 litofacies grouped in 3 lithofacies associations. Analysis of these sediments suggests that these are deposits of relatively shallow depositional channels and the associated levees and overbank areas. Three channel complexes were identified. Because the studied outcrop is not big enough to study large-scale geometry, the idea of channellevee deposits is an interpretation of recorded field data.
Knowing and understanding the type of the facies and likely depostional setting of the deposits exposed in the Teleajen Valley contribute to a more complete picture on flysch sedimentation in the Carpathians.
